This is a pilot study to assess whether racial disparities exist in time to initiation and completion of external beam pelvic radiation therapy and brachytherapy in cervical cancers treated with definitive chemoradiation.
Introduction
Cervical cancer is the most common gynecologic malignancy worldwide. In the United States, about 12,000 women are diagnosed annually and over 4000 die . Screening strategies have resulted in a decline in the incidence and mortality of cervical cancer but racial disparities still exist. Black women in particular are twice as likely to die from cervical cancer as white women and the disparity is even greater in the Southern United States (Yoo et al., 2017; DeSantis et al., 2016) . In fact, mortality rates when corrected for hysterectomy reveal an even greater disparity between Black and white women (Rositch et al., 2014) . Previously underestimated by at least 44%, hysterectomy corrected mortality rates are reported as 10.1 per 100,000 for black women and 4.7 for white women (Beavis et al., 2017) .
Several factors including differences in health care access, screening, follow up and treatment have been proposed to contribute to the disparity (Singh and Jemal, 2017; Yang et al., 2018; McDougall et al., 2007) . Specifically, studies investigating disparities in standard of care for locally advanced cervical cancer treatment found that black race was associated with a lower likelihood of receiving pelvic external beam radiation therapy (EBRT) with concurrent chemotherapy and brachytherapy (Uppal et al., 2016; Robin et al., 2016) . Here we seek to determine if race is a factor in delayed initiation and completion of primary pelvic external beam radiation therapy (EBRT) and brachytherapy in cervical cancer.
Methods
Approval for the study was obtained from the Institutional Review Board at Henry Ford Hospital. A retrospective chart review was completed for all patients with a diagnosis of cervical cancer from 2006 to 2016 in a single institution. Patients who had hysterectomy as primary treatment, radiation therapy as an adjuvant or palliative therapy or in whom cervical cancer was not the primary malignancy were excluded. Only patients who underwent primary chemo-radiation therapy under the care of a gynecologic oncologist were included. Stage at diagnosis, age, insurance status, smoking status, date of pathological diagnosis, date of initiation and date of completion of external beam radiation therapy were abstracted from chart review. Receipt of chemotherapy and/or brachytherapy, duration of brachytherapy and reported chemotherapy and radiation side effects were also abstracted from chart review. Presentation at multidisciplinary tumor board and PET CT imaging prior to treatment were also noted.
Analyses were performed according to the following distinct definitions of wait times: interval from pathologic diagnosis of cervical cancer to initiation of radiation therapy, (Yoo et al., 2017) completion of external beam radiation therapy and (DeSantis et al., 2016) completion of external beam radiation therapy plus brachytherapy. Treatment duration was also calculated as the time from initiation of external beam radiation therapy to completion of brachytherapy. To characterize reasons for delay, patients who had > 3 documented missed appointments or > 3 failed attempts at contact were categorized as delayed due non-compliance and patients who had documented issues with insurance coverage we categorized as delayed due to insurance. Analyses of times to completion were made using 2sample t-tests if the means were normally distributed, if not the Wilcoxon rank sum test was used. Comparisons involving the categorical variables were made using chi-square tests in the absence of sparse data; otherwise, the Fisher exact test was used.
Results
A total of 50 women underwent primary external beam pelvic radiation therapy for cervical cancer at our institution over a 10-year Numerical data is given as mean ± standard deviation and categorical data is given as frequency. period. Of 50 women, 21 self-identified as white, 25 as black and 4 as Hispanic. Due to small numbers, Hispanic women included with black women as a non-white group. The average age was 52 years for both white and non-white women in this cohort. Non-white women were more likely to be current smokers at the time of diagnosis than white women as summarized in Table 1 . The most common stage at diagnosis was Stage IIB for both non-white and white women and there was no significant difference in stage at diagnosis. Chemotherapy and brachytherapy were completed at similar rates between both groups and there was no statistically significant difference in reported side effects in both groups. The frequency of tumor board presentation and PET CT imaging prior to treatment was similar between both groups. Reasons for delay were more likely to be documented as due to compliance or insurance issues in the non-white patients (p-value 0.001). Of the 46 women who were insured, non-white women were more likely to have public insurance than white women, (p-value 0.020) also summarized in Table 1 . Mean days to initiation and completion of radiation therapy are summarized in Table 2 . White women had a mean of 33.7 days from diagnosis to initiation of therapy in comparison to non-white women with a mean of 47.6 days. There was no significant difference in time to initiate therapy. The mean number of days from diagnosis to completion of external beam radiation therapy for all women was 81.3 days with 70.9 days among white patients and 88.9 days among non-white (p-value 0.006). The frequency of brachytherapy completion was similar between both groups. The mean number of days from diagnosis to completion of brachytherapy was noted to be 86.4 days for white patients and 101.5 days for non-white patients (p-value 0.161) and duration of EBRT and brachytherapy both groups was also similar with a mean of 56.9 days.
Time to completion of therapy was also different based on insurance coverage type; the mean time to completion of external beam treatment was 66.8 days for the privately insured vs. 88.5 days for the publicly insured, (p-value 0.019) as outlined in Table 3 . When insurance status, tumor board presentation and presence of side effects were adjusted for, only insurance status accounted for the difference in time to completion between both groups as described in Table 4 .
Conclusion
Here we describe a group of 50 women with received primary chemoradiation for locally advanced cervical cancer. There was no racial difference in receipt of standard of care, defined as chemotherapy, external beam pelvic radiation and brachytherapy. For all patients, a mean of 41.8 days to initiate radiation therapy was noted. There is no standard for time from diagnosis to initiating treatment, however, a study investigating the timeliness of cervical cancer treatment initiation in the National Breast and Cervical Cancer Early Detection Program found the median time to initiation as 21-22 days in 1417 women (Benard et al., 2012) . There was no racial difference in time to initiation of therapy and time to completion of treatment was not discussed in that study. The mean time to initiate radiation treatment was almost twice as long in our study for all patients with no difference in race detected. However, the time to complete external beam therapy was longer in our non-white patients. There was no difference in treatment duration between racial groups, suggesting that although time to initiate was not significantly different between groups, it likely contributed to delayed completion. Treatment duration of 56 days or less is recommended by Radiation Therapy Oncology Group and Gynecologic Oncology Group protocols and treatment duration of > 56 days is associated with higher risk of pelvic failure (Song et al., 2013; Petereit et al., 1995) . Due to our small cohort of patients, we have limited ability to determine the effects of delayed completion of therapy on mortality rates or overall outcome. This pilot study can be used as a model for larger cohort studies to examine the effects of delayed initiation and completion of therapy on patient outcomes and mortality.
Reasons for delays included non-compliance (at times manifesting as inability to obtain transportation and childcare) insurance coverage issues and even incarceration in one instance. Non-white women in this study were more likely to be non-compliant and have public insurance. Public insurance status may reflect an underinsured population who only received insurance coverage after being diagnosed with cervical cancer. Among the patients who had no insurance (n = 3), treatments for two of these patients were fully funded through our charity care program. All patients with public insurance experienced delayed completion regardless of race and when insurance status was adjusted for, time to completion was similar between racial groups.
Delays determined to be due to insurance status and/or transportation issues often can be mitigated with social worker or patient navigator involvement. Patient navigation programs have proven to be helpful in decreasing delays to resolution of abnormal screening in African-American patients (Roland et al., 2017) . To our knowledge, no studies have investigated the role of patient navigation programs in decreasing time to completion of cervical cancer treatment; however, studies have shown an increase in mortality in cervical cancer patients who have public insurance (Churilla et al., 2016) . This study outlines a disparity in time to complete standard of care treatment for cervical cancer in non-white patients and those with public insurance. We suggest further studies to determine significant causes for delays and intervention programs to decrease time to completion of treatment for advanced cervical cancer with hopes of closing the gap of racial disparities.
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